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ABSTRACT: The interrupter technique is a convenient and sensitive technique for
studying airway function in subjects who cannot actively participate in (forced)
ventilatory function tests.
Reference values for preschool children exist but are lacking for childrenw7 yrs.
Reference values were obtained for expiratory interrupter resistance (Rint,e) in 208
healthy Dutch Caucasian children 3–13 yrs of age.
A curvilinear relationship between Rint,e and height was observed, similar to published
airways resistance data measured by plethysmography. No significant differences in
cross-sectional trend or level of Rint,e were observed according to sex. It was found that
Z-scores could be used to express individual Rint,e values and to describe intra- and
interindividual differences based on the reference equation: 10logRint,e=0.645–0.006686
standing height (cm) kPa?L-1?s-1 and residual SD (0.093 kPa?L-1?s-1).
Expiratory interrupter resistance provides a tool for clinical and epidemiological
assessment of airway function in a large age range.
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The interrupter technique is one of the few lung
function tests that can be used for assessment of
airway calibre in young children [1–3]. With this
technique, measurements of the resistance of the
respiratory system (Rint) can be carried out quickly,
with minimal cooperation of the child. Rint measure-
ments have been shown to be reproducible [1, 4–6],
sufficiently sensitive to detect (sub)clinical airway
obstruction [6, 7], and to correlate satisfactorily with
measurements of airway resistance [4, 8, 9]. The
technique can not only be used as a tool to screen for
airway obstruction, but also to assess the responses to
bronchodilating and bronchoconstricting agents [1, 3,
10]. It is especially suitable for preschool children
because it only requires passive cooperation. How-
ever, passive measurements of airway function may
also be required for clinical research in older children
or in older children who are unable to perform forced
expiratory manoeuvres because of developmental
disorders or neuromuscular disease. Reference data
are available for young children [6, 7, 11, 12] and
adults [13], but not for children of w7 yrs of age.
Therefore, the aim of the present study was to expand
the previous data set to better describe relationships
between expiratory resistance and body size. Normal
Rint values were obtained during expiration (Rint,e) in
208 healthy Caucasian children aged 3–13 yrs, from a
general population. Measurements were preferably
made during expiration rather than during inspiration
because Rint,e appears to be more sensitive to detect-
ing changes in resistance within children due to
respiratory infections, and to discriminating better
between children with and without respiratory symp-
toms or disease as compared to Rint values obtained
during inspiration [6].
Methods
Data set
Rint,e measurements were carried out using identical
equipment and the same measurement protocol in
two sets of healthy Dutch Caucasian children aged
1–13 yrs, recruited from two daycare centres, two
kindergartens and two elementary schools. Informa-
tion on respiratory symptoms, eczema, allergy, parental
smoking, doctor9s diagnosis of asthma, and asthma
medication was obtained using modified International
Study of Asthma and Allergies in Childhood (ISAAC)
questionnaires [14]. Children were included in the
reference population when they had no respiratory
symptoms in the month prior to, or during, the mea-
surements. Exclusion criteria were: history of asthma,
recurrent rhinitis, eczema, cardiorespiratory or other
chronic disease, known anatomical abnormalities of
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the upper or lower airways, and vocal cord disorders.
The authors wanted to obtain reference values from a
normal population rather than an ideal population
[15]. Therefore, mild respiratory symptoms not requir-
ing medical care in the past and involuntary exposure
to parental smoking without a history of respiratory
symptoms or disease were not part of the exclusion
criteria. The study and its protocol were approved by
the medical ethics committees of the medical centres
and by the principals and boards of the institutes
involved. Informed consent was given by the parents
of all participating children. When children refused to
cooperate, no Rint,e measurements were attempted.
Equipment
Rint,e was assessed using the MicroRint (Micro
Medical Ltd, Rochester, UK), as described previously
[6]. Rint,e was calculated using the back extrapolation
technique to t=0 ms after shutter closure during
100 ms [1]. Daily calibrations of pressure and flow
(volume) were carried out using a manometer and a
2 L precision pump. All measurements were carried
out with a filter (Micro Medical Ltd) in place to
prevent contamination and dysfunction [16].
Measurement protocol
The protocol has been described previously [6].
After the supervisor of the children explained the
purpose of the measurements, a measurement was
demonstrated on the supervisor and subsequent mea-
surements were carried out in groups of 2–4 children
at a time, in a familiar and quiet room. Children were
seated and no physical exercise was allowed during
10 min prior to the measurements. During measure-
ments, children were instructed to breathe quietly,
sitting upright while the cheeks and chin were
supported from behind by the investigator. The head
was positioned in slight extension and a nose clip was
used. The position of the MicroRint was adjusted on a
support arm to facilitate unobstructed breathing. A
minimal number of five correct tracings (maximal 10)
was obtained at the peak of expiratory tidal flow,
because expiratory interruptions appear more sensi-
tive in detecting airways obstruction than those during
inspiration [6]. Tracings were rejected in the cases of
tachypnoea, usage of the vocal cords, extreme neck
flexion or extension, or leakage of the mouth piece.
Tracings not showing the timing of interruption on the
flow tracing or tracings with a horizontal or declining
pressure signal suggesting leakage at the mouth or
altered ventilation pattern, were also discarded [2]
(fig. 1).
Data analysis
The individual Rint,e data were expressed as median
values because individual data were not normally dis-
tributed [6]. Reference values for Rint,e were described
based on a model assuming a linear or curvilinear
relationship with the following standard independent
variables: standing height, weight, and age. Because of
physiological similarities between Rint and airway
resistance obtained by plethysmography, the current
authors hypothesised that an exponential model with
standing height would create the best fit for the Rint,e
data, as seen in published reference equations for air-
way resistance (Raw) [17, 18]. Trends of residuals with
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Fig. 1. – Examples of expiratory interrupter resistance (Rint,e)
recordings. a) Correct manoeuvre, clearly visible timing of inter-
ruption on the flow tracing and approved interpolation and
extrapolation of pressure signal. b) Visible leakage at the mouth,
and a horizontal pressure signal following interruption. c) Flow
signal affected by the usage of the vocal cords, and horizontal
pressure. - - -: flow signal; —: pressure signal.
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height or age were assessed from linear regression
analyses. The threshold for statistical significance was
set at p=0.05.
Results
Subjects
The first data set consisted of 135 healthy Dutch
children (60 males) studied in Rotterdam, the Nether-
lands, who were selected from a survey in which the
parents of 698 children were asked to participate.
Permission was given for 341 (49%) children, 36
refused participation, and 12 failed to complete the
measurements. Of the remaining 293 children, 135
(39%) met the inclusion criteria and completed the
measurements. This included 54 healthy children
described previously [6]. The second data set consisted
of 79 Dutch children (41 males) studied in Utrecht,
the Netherlands. These children were selected from a
study in which parents of 445 children were asked to
participate. Permission was obtained for 212 (48%)
of these children. Reliable Rint,e measurements were
carried out in 200 children, of whom 79 (40%) met the
inclusion criteria listed above. Both studies were
carried out in suburban parts of the cities, inhabited
by middle class income Dutch families. Only two of
the 24 children who failed to complete the measure-
ments werew4 yrs of age. Anthropometric data of all
214 children are summarised in table 1. The children
from data set 1 were slightly younger than those from
data set 2 (table 2). The coefficients of variation from
data set 1 were larger than those from data set 2
(table 2). This seemed to be explained by the differ-
ences in age between centres; atv6 yrs there was a
negative correlation between coefficient of variation
and age (r=-0.21, p=0.004). The reference equation was
based on the 208 children of 3–13 yrs of age, as
reliable measurements could only be obtained in six
childrenv3 yrs.
Reference equation for Rint
An inverse, curvilinear relationship was found
between Rint,e and the independent variables of stand-
ing height, age and weight. When standing height
was used in an exponential model instead of a linear
model with Rint,e, the explained variance increased
from 59 to 63% and the residual standard deviation
(RSD) decreased from 0.150 to 0.093 kPa?L?s-1.
Residuals of the exponential model were homo-
scedastically distributed, demonstrating no trend with
standing height (fig. 2). When age was added to stand-
ing height in an exponential model, the explained
variance increased byv3%, and the improvement of
RSD wasv0.0003 kPa?L?s-1. When age was used as the
only independent variable in an exponential model
with Rint,e, the explained variance was 64% (RSD=
0.091 kPa?L?s-1), but the distribution of the residuals
became heteroscedastic for subjectsw10 yrs of age. In
the children agedw10 yrs, the variability of standing
height for age was larger than in the younger subjects.
When using weight as the only independent variable,
explained variance was 49% (RSD=0.108 kPa?L?s
-1).
Reference equations for Rint,e are:
Rint,e~1:927{0:00992|standing height
(cm) kPa:L:s{1
ð1Þ
Table 1. – Anthropometric data of the reference population
Age range yrs (n) Sex M:F Height Weight
1–3 (6) 4:2 88.2¡6.8 12.9¡2.5
3–4 (8) 3:6 104.9¡6.2 17.2¡2.0
4–5 (17) 7:10 109.5¡3.7 18.6¡2.1
5–6 (28) 12:16 116.4¡4.3 21.1¡2.0
6–7 (29) 12:17 119.8¡4.9 22.8¡3.0
7–8 (25) 13:12 129.9¡4.6 26.5¡3.5
8–9 (29) 8:21 133.1¡7.5 29.1¡6.2
9–10 (21) 15:6 142.3¡5.0 35.1¡5.2
10–11 (17) 10:8 149.1¡4.3 39.1¡6.7
11–12 (24) 11:13 154.7¡6.7 41.1¡6.7
12–13 (8) 6:2 156.7¡10.6 47.8¡12.9
Data are expressed as mean¡SD unless otherwise stated. M:
male; F: female.
Table 2. – Differences between two data sets
Data set 1,
Rotterdam
Data set 2,
Utrecht
Age yrs 7.4¡2.6 8.4¡2.9#
Standing height cm 128¡18 133¡20#
Weight kg 27.2¡9.3 30.7¡11.5#
M:F 62:76 41:38
Coefficient of variance
% median (range)
11.7 (1.2–21.4) 6.9 (0–35)
Data are presented as mean¡SD unless otherwise stated.
#: pv0.03, unpaired t-test.
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Fig. 2. – Relationship between 10log(expiratory interrupter resis-
tance (Rint,e)) and standing height for 208 children. — and ---: the
exponential model (mean¡95% confidence bands).
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for the linear model. r=-0.77, RSD=0.150 kPa?L?s
-1
(pv0.001).
10log(Rint,e)~0:645{0:00668|standing
height (cm) kPa:L:s1
ð2Þ
for the exponential model. r=-0.79, RSD=0.093 kPa?L?s
-1
(pv0.001).
Based on the exponential model, the means (SEMs)
of standardised residuals for 97 males and 111 females
were -0.079 (0.096) kPa?L?s-1 and 0.071 (0.097)
kPa?L?s-1, respectively, with a mean (95% confidence
interval (CI)) difference between males and females of
0.15 (-0.12–0.42) kPa?L?s-1. No trends were observed
between standing height and standardised residuals
for males or females. The separate regression equa-
tions from the two data sets did not differ significantly
in a multiple regression model that included centre
(p=0.33) and interaction between standing height and
centre (p=0.59).
Discussion
A few studies have reported reference equations for
the interrupter technique in young school children [6,
7, 11, 12], but for older children these are lacking.
Because of the possible applications of this technique
in a larger age range (epidemiological and clinical
research, children unable to participate in active lung
function measurements), normal values for Rint,e were
obtained in 208 healthy Caucasian children aged
between 3–13 yrs. In a previous study by the current
authors, a linear model was considered satisfactory to
describe the relationship between height and Rint,e
[6], but in the present study, due to the larger range
in height, an exponential model appeared more appro-
priate because of a curvilinear relationship. This
pattern is consistent with reports of Raw in healthy
children [19].
This is the largest study of Rint,e that has been
performed in healthy preschool and school children
so far. Despite the large number of observations, a
significant sex-related difference in airway patency
was not detected. This suggests that a possible small
difference in airways resistance between sexes is not
clinically relevant, or that it cannot be detected when
measuring resistance of the respiratory system with
this technique.
Height, but not age, was used as an independent
variable because of physiological arguments, not
because the relationship between height and Rint,e
was statistically superior. It is conceivable that body
size can function as a proxy for airway calibre,
whereas age may also indirectly reflect airway size in
childrenv13 yrs but not in adolescents or adults. Age
may be equally valid as a more convenient indepen-
dent variable in reference equations for Rint,e [7], but
this is probably limited to young children only.
Indeed, in the present study, the variability of the
residuals in the childrenw10 yrs of age was consider-
ably increased compared to that in younger children,
which is explained by a larger variation in height for
age.
Because the residuals of the exponential model
were normally distributed (with RSD=0.093 kPa?L?s
-1),
individual measurements can be expressed as Z-scores:
Z~(10log(measured Rint,e){10log(predicted Rint,e))
RSD
ð3Þ
This facilitates comparisons within and between
individuals. Until there is international standardisa-
tion for Rint,e measurements [20], reference equations
are likely to differ according to the equipment and
protocol of shutter timing and back extrapolation. In
the protocol of the present study, interruptions were
programmed at peak tidal expiratory flow, which
appears to standardise inflation level [6, 9]. The linear
model of the present study fits remarkably well with
the reference equation of VAN ALTENA and GIMENO
[13]:
Rint~1:993{0:0092|height cmð Þ{
0:0009|age (yrs) kPa:L:s1
ð4Þ
VAN ALTENA and GIMENO [13] studied Rint in 172
adults and teenagers, although the exact measurement
procedure was not described and the population and
equipment differed markedly. The current results are
not comparable with those of KLUG et al. [11] who
programmed inspiratory interruptions at 50 mL
above functional residual capacity. The effect of this
procedure might have been that with increasing body
size, interruptions occurred at progressively lower
inflation levels. This could explain the lesser slope with
height and lower explained variance of their reference
equations.
It is difficult to compare Rint,e values with mea-
surements of Raw or lung resistance (RL) in healthy
populations because of differences in technique and
population characteristics, but the reference equation
present in this study compares favourably with those
of DAB and ALEXANDER [17] and HELLIESEN et al. [18],
respectively:
log (Raw)~0:712{0:0064|height (cm) ð5Þ
log (RL)~0:627{0:0068|height (cm) ð6Þ
The present authors were able to measure Rint,e
reliably in only six childrenv3 yrs of age and do not
recommend routine assessment of Rint,e in children of
that age because of low feasibility [6]. The use of face
masks in childrenv3 yrs may enhance the feasibility
of the test, but Rint measurements obtained using face
masks can differ from those obtained with mouth-
pieces [21] due to differences in the compliance and
resistance of the mask and the degree of airways
obstruction. Rint measurements using face masks may
require specific reference equations.
The interrupter technique remains one of the most
convenient and sensitive tests of airway function in
young childrenw3 yrs of age, and has the potential for
use over a wide age range.
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